online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(5): 652-658, August 2012 Infection with hepatitis A virus (HAV) is the most common cause of acute viral hepatitis worldwide (Jacobsen & Wiersma 2010) . The incidence of HAV infection and the prevalence of antibodies against HAV are closely associated with economic development and access to safe drinking water and sanitation. As individual income increases and access to safe drinking water and improved sanitation conditions increases, the incidence of HAV infection decreases (Jacobsen & Wiersma 2010) . The highest incidence rates of HAV infection have previously been reported to occur in the developing countries of Africa, Central and South America and southeast Asia (David 2004) . In these countries, more than 90% of the population has acquired a natural immunity to HAV prior to 10 years of age. Because the asymptomatic form of infection is the most common in children, outbreaks of HAV are uncommon. However, over the last decade, several of these developing countries have undergone a change in the endemicity of HAV infection due to an improved standard of living. For example, in South America, recent studies have observed a progressive decrease in HAV seroprevalence rates (Tapia-Conyer et al. 1999 , Clemens et al. 2000 , Tanaka 2000 , Vitral et al. 2006 , 2008 , Jacobsen & Wiersma 2010 . This transition of the HAV epidemiological pattern from a high to a medium endemicity is worrisome, as the delay in the age of exposure does not eliminate the risk of infection later in life. From a public health perspective, it is important to identify such epidemiological shifts because the severity of HAV disease increases with age, thus leading to an increased disease burden in older population groups.
Brazil is a developing country that has problems with sanitary conditions in many parts of the country. However, Brazil has experienced a significant economic growth recently. This economic development has led to improvements in sanitation and better living conditions for a large proportion of Brazilian citizens. In addition to these improvements, both a decrease in the circulation of HAV (Clemens et al. 2000 , Vitral et al. 2006 , 2008 , Jacobsen & Wiersma 2010 ) and a progressive decline in the number of fatal HAV infections have been observed in all regions of Brazil (Vitral et al. 2006) . However, the HAV seroprevalence studies that have been performed have focused on the urban populations of Brazil that experience lower incidence rates than the rural populations (Ferreira et al. 1996 , Vitral et al. 1998a , b, Clemens et al. 2000 , Zago-Gomes et al. 2005 , Dinelle et al. 2006 , Fiaccadori et al. 2006 , de Alencar Ximenes et al. 2008 , Krebs et al. 2011 . Having an accurate understanding of the epidemiology of HAV infection is important for understanding its effect on population groups that have not benefited from the recent improvements in sanitation conditions in Brazil. The current study attempted to collect epidemiological data about HAV seroprevalence in children and adolescents with a low socioeconomic status (SeS) and who live at the periphery of three capital cities in different regions of Brazil. These data will allow a better understanding of the importance of implementing preventive hepatitis A vaccination programs in the country.
SUBJECTS, MATERIALS AND METHODS
Study design and subjects -This cross-sectional, seroprevalence study of HAV infection was conducted between April 2007-July 2009. A total of 1,162 children and adolescents that ranged in age from one-18 years, that had a low SeS and that lived on the outskirts of Rio de Janeiro, Cuiabá and Manaus were enrolled in the study. These cities are the capitals of the states of Rio de Janeiro (RJ), Mato Grosso and Amazonas (AM), respectively, and are located in the Southeast (Se), Midwest (MW) and north (nO) Regions of Brazil, respectively (Fig. 1) .
In the Se Region, the study participants were residents from the Complexo de Manguinhos, which is located in the northern area of the city of Rio de Janeiro and has an estimated population of 26,834 inhabitants in 13 total communities. The Complexo de Manguinhos has benefited from recent improvements through governmental programs (pAC-portal Brasil 2010 In the MW Region, the study participants consisted of residents from the districts of João Bosco pinheiro and Dr Fabio, which are located on the periphery of Cuiabá. These communities have an estimated population of 10,000 individuals. Both districts were established after the invasion of public areas. All of the subjects from these districts are provided health care assistance through the Family program of the Federal University of Mato Grosso (UFMT). A total of 322 subjects from the 122-catalogued families were randomly selected. A group of health care providers visited each house between February 2008-July 2009 to invite children or their guardians to participate in the study.
The population that was selected in the nO Region was a rural community called the Assentamento Rural de Rio pardo. This community is located in a geographical area belonging to the municipality of presidente Figueiredo that is located in AM and is 140 km from Manaus. Approximately 600 inhabitants live in the community which was established between an area of rural settlement and an area of ecological preservation. Agriculture, fishing, hunting and stock farming provide food for the population. The community does not have proper sanitation facilities and most of the families have a low monthly income (less than 1 minimum salary, equivalent to < US$175/month). The invitation to participate in this study was performed at the community schools during April 2007 and all children between one-18 years of age were included in the study.
Data collection -The criteria for inclusion in the study were the following: individuals were between one-18 years of age and a resident of one of the regions described above. All participants or guardians were interviewed by trained health care personnel using a structured questionnaire. Sociodemographic data, which are thought to have a negative or positive influence on anti-HAV seropositivity, were collected. The SeS of the participants was determined by both family income and the SeS index adapted from Toukan et al. (1990) . The SeS index score of each participant was evaluated to be between 0-38, representing the following: 0-18 very low, 19-23 low, 24-28 medium and 29-38 high. In the nO Region, the data available for the study participants included age, gender and village of residence. The study participants were categorised into the following four age groups: one-four years, five-nine years, 10-14 years and 15-18 years.
Ethics -The study was conducted to conform to the provisions of the Declaration of Helsinki. protocols for the collection and use of human samples were submitted and approved by the Human Research Committees of Fiocruz/RJ (protocol 442/07) and UFMT (protocol 351/07). prior to conducting the study, written informed consent was obtained from all subjects or, in the case of minors, from their parents or legal guardians.
Laboratory assays -A dried blood spot (DBS) sample was obtained from each subject that was enrolled in the study. The sample was processed and assayed for total antibodies against HAV (anti-HAV) using a commercial enzyme immunoassay (Bioelisa HAV, Biokit, Spain) according to previously described protocols (Melgaço et al. 2011 ).
Determination of sample size -Sample size calculations were based on a 30% estimated HAV seroprevalence, a 5% precision rate and a 95% confidence level. The formula for sample size determination (Openepi epidemiologic Calculator 2006) indicated a total of 314 and 304 children for the Se and MW Regions, respectively. In the nO Region, all of the 154 individuals from the community of Rio pardo whose ages ranged from one-18 years were included in the study.
Statistical analysis -Multiple logistic regressions was used to determine independent effects on the association between the presence of anti-HAV IgG and explanatory variables and to estimate the adjusted odds ratio (OR) and confidence intervals (CI) (95%) through selection of the better Akaike information criterion (AIC). In the initial logistic model, all variables associated with seropositivity in univariate analyses were included with p < 0.05. Variables showing statistically significant associations with anti-HAV IgG positivity were kept in the final model. Analyses were performed using SpSS software version 17.0 for Windows (SpSS Inc, Chicago, USA, 2009).
RESULTS
A total of 1,162 children and adolescents were enrolled in the current study. Of the study participants, 686 were from the Se Region, 322 were from the MW Region and 154 were from the nO Region. The means ± standard deviation age of the participants were 7.7 ± 4.3, 9.3 ± 4.2 and 8.1 ± 3.5 for the Se, MW and nO groups, respectively. The high number of participants that were enrolled from the Se Region was a result of the acceptance of all volunteers as study participants from this region.
SE Region -Among the 686 participants from the Se Region, 353 were female (51.5%). Most of the participants lived in reinforced concrete houses (643/680, 94.6%) that had access to piped water (671/680, 98.7%) and a functioning sewer system (645/679, 95%). Based on family income, the majority of the participants had low SeS (81.9% received 2 or less monthly minimum wages -US$375 or less). The resulting SeS score was based on the sum of the available household items. Most of the children had mothers (451/667, 67.6%) and fathers (452/620, 72.9%) with nine years or less of education, corresponding to either a primary or secondary school level of education.
The overall prevalence of anti-HAV antibodies was 40.4% (277/686) and prevalence was significantly correlated with age (p < 0.0001) ( Table I) . HAV seroprevalence was also significantly associated with other variables, including the study participant's race, the educational level of the study participant's father and mother, the family's income, the number of siblings, the use of filtered water, the number of family members, the habitation in reinforced concrete houses and the SeS index ( Table I ). The results of the logistic regression analysis are shown in Table II . The following factors increased the risk of scoring positive for anti-HAV antibodies: elevated age, race and presence of more than two siblings in the household. The use of filtered water and living in a reinforced concrete house were considered to be protective factors against contracting HAV.
MW Region -Among the 322 participants from the MW Region, 175 (54.3%) were female. Most of the participants lived in reinforced concrete houses (98.8%) that had an artesian well as the water supply system (92.8%). The district did not have a sewer system, but each household had a cesspool that was used to dispose of sewage. The monthly family income of approximately half of the participants (45.9%) was one or less minimum monthly wages (US$188 or less) and it was between two-four minimum monthly wages (375-US$750) for the remaining 54.1% of the participants. The SeS index indicated that 48.3% and 39.3% of the participants had a very low and a low SeS, respectively.
The overall prevalence of anti-HAV antibodies was 39.8% (128/322) and was significantly correlated with age (p < 0.0001) (Table III) . Only 13.2% of the children that were one-four years of age were seropositive for anti-HAV antibodies. In groups beyond this age group, the prevalence of anti-HAV antibodies increased (Fig. 1) . In the univariate analysis, the presence of anti-HAV antibodies was significantly associated with the following: the female gender (46.9% vs. 31.3%, OR =1.9, CI 95%: 1.2-3.2, p = 0.006), the number of siblings in the household (p < 0.0001) and a previous history of hepatitis (p = 0.01). Multivariate analyses confirmed the association of age with HAV seropositivity. A median SeS was considered a protective factor for HAV seropositivity. Although the female gender tended to have an increased chance of being seropositive, this association was not significant (OR 0.4, CI 95% 0.9-3.3).
NO Region -Among the 155 study participants from the nO Region, 64 (41.5%) were female. The overall prevalence of anti-HAV antibodies was 49% (76/155). The anti-HAV antibody prevalence rate according to age was as follows: 25.9% prevalence in the group from one-four years of age, 39.5% prevalence in the group from five-nine years of age, 74.5% in the group from 10-15 years of age and 80% in the group from 15-18 years of age (Fig. 2) . Fig. 2 indicates the overall results of the HAV seroprevalence rates according to age group in the three studied population groups. In all three of the Regions of Brazil, a large number of children from one-four years of age (74.1-90%) were susceptible to a HAV infection. The overall prevalence of anti-HAV antibodies in this age group was only 12.1% (varied from 10-25.9%). Among those participants from one-18 years of age, the prevalence was 41.9% (varied from 39.8-49%), which characterised the overall population group that was evaluated as having an intermediate level of hepatitis A endemicity.
Analysis of the age-associated prevalence of anti-HAV antibodies in the three studied Regions -

DISCUSSION
The results from this study indicated that only 10%, 13.2% and 25.9% of children under the age of five from the Se, MW and nO Regions of Brazil, respectively, were HAV seropositive. The anti-HAV antibody prevalence was ≥ 50% only among individuals that were 15 years old or older, indicating that these population groups had an intermediate level of endemicity for HAV (Jacob- sen & Wiersma 2010). The rates of anti-HAV antibody prevalence that were observed in the current study were below the rates that have been reported for low SeS population groups (pannuti et al. 1985 , Abuzwaida et al. 1987 , Bensabath et al. 1987 , Queiroz et al. 1995 , Ferrreira et al. 1996 , Assis et al. 2002 , Almeida et al. 2006 . Instead, the prevalence rates reported here were similar to those that have been reported for groups that live in urban areas of Brazil and that have higher monthly incomes (Ferreira et al. 1996 , Zago-Gomes et al. 2005 , Dinelli et al. 2006 , Krebs et al. 2011 . Our results were also in agreement with the prevalence rates that have been described in the population-based survey that was conducted in the urban areas of the capital cities of Brazil (de Alencar Ximenes et al. 2008) . These data suggest that a decrease in the infection rate of HAV may be occurring even among the lower socioeconomic groups in Brazil.
In the present study, most of the participants had a low SeS as classified by low family income and the SeS index. However, the participants lived in communities that had differing sanitation facilities. The community on the periphery of Rio de Janeiro in the Se Region continues to receive assistance to increase the general standard of living. The impact of these improvements on the prevalence of anti-HAV antibodies is apparent when our data are compared with data that were obtained in a previous study performed using participants from the same community in 2002 (dos Santos et al. 2002) . Our study showed a significant decrease in HAV seroprevalence among children aged one-18 years old, indicating that the rates decreased from 70-40.4% in the span of nine years (p < 0.0001).
The community that was studied in the MW Region did not have piped water or a public sewer system, but all residents had their own artesian well for water and a septic cesspool for disposal of sewage. Despite the more simplistic mechanisms of water and sewage disposal, these facilities seemed to be efficient as indicated by the low anti-HAV antibody prevalence among the youngest age groups in these communities.
The relatively low prevalence of anti-HAV antibodies in children one-four years old (13.2%) and five-nine years old (28.3%) in a very low income community located in the Brazilian Amazon was surprising. This region is known to be highly endemic for HAV with seroprevalence rates as high as 90% among children that are 10 years old or younger (Bensabath et al. 1987 , de paula et al. 2001 , Assis et al. 2002 . Our results are in agreement with results from Braga et al. (2009) , who demonstrated an intermediate pattern of HAV infection in isolated communities in the western Brazilian Amazon region. This unexpected intermediate pattern of HAV infection could be explained by the isolation of these small villages, resulting in a decreased contact with the outside world in childhood. In such isolated communities, it can also be assumed that HAV is not circulating extensively. An increase in age, race and the number of siblings living with the study participant were associated with an increased chance of being anti-HAV seropositive. The use of filtered water, living in a reinforced concrete house and having an intermediate SeS were considered protective factors for HAV seropositivity. In agreement with several HAV epidemiological studies (Vitral et al. 1998a , ZagoGomes et al. 2005 , Almeida et al. 2006 , age was the variable that was most strongly associated with the prevalence of anti-HAV antibodies in all population groups. These data suggest that the HAV infection risk is determined more by the increased exposure time of older individuals than to the environment in which HAV circulates.
Refusal to participate in this study, even among the youngest age groups, was minimal (less than 5%). All blood samples were obtained by pricking the finger and depositing a blood spot on filter paper (DBS), a process that represents an easy and inexpensive method to collect, transport and store samples. This method has previously been observed to have a sensitivity and specificity of 100% when compared with collection of plasma for the detection of anti-HAV antibodies after infection (Melgaço et al. 2011) . Seroepidemiological surveys to detect the presence of antibodies are typically performed by collecting venous blood by venipuncture. However, the invasive nature of such a method of blood collection could reduce the potential value of these studies, mainly among populations of infants and young children. According to neto et al. (1995) , refusal to enrol in clinical studies that require venipuncture can be approximately 13%. de Alencar Ximenes et al. (2008) indicated that children aged zero-four years old were excluded from a population-based study that was conducted in Brazil to minimise the refusal rate for participation in the study.
In conclusion, the low anti-HAV antibody prevalence rate that was observed in children and adolescents reflects a decreasing exposure to HAV infection even among individuals in lower socioeconomic groups who live on the periphery of Brazilian capital cities. The reduced exposure to HAV was associated with an increased standard of living and a decreased circulation of HAV. Although improvements in sanitary facilities represent a crucial method to reduce the transmission of infectious diseases, the control of HAV cannot wait until the conclusion of the Brazilian program of Basic Sanitation, which could require many decades until completion. However, the incidence of HAV infection could be reduced up to 95% with the implementation of a nationwide HAV vaccination program, as reported in Israel (Dagan et al. 2005) , USA (Wasley et al. 2005) and Argentina (Vacchino 2008) . Additionally, an increased standard of living without proper immunisation can result in an increasing population of susceptible individuals that are at risk of contracting an HAV infection. In areas of high HAV endemicity, most children become infected before the age of 10, usually without any clinical symptoms. Because the chance of developing symptomatic HAV infection increases with age, as a country or a sub-population of individuals experiences a transition to a lower endemicity for HAV, those who do become infected are at an increased risk of having a symptomatic HAV infection, which includes acute liver failure and death (Ciocca 2000) . Thus, a decrease in the HAV incidence rate in the population often results in an increase in the health care costs per case of HAV infection and a subsequent increase in total HAV-associated public health care costs (luyten & Beutels 2009).
The hepatitis A vaccine is still not included in the Brazilian national program for Immunisation. It is currently only offered at Reference Centres for Special Immunobiologicals for some population groups that are at high risk for HAV infection or at private immunisation clinics. Currently, the administration of the vaccine has been restricted to individuals with a higher SeS because of the high cost of the vaccine. Children with a lower SeS susceptible to HAV infection will need to depend on governmental programs to protect them from HAV. The results from our study suggest that the hepatitis A vaccine should be included in the Brazilian Ministry of Health Immunisation Schedule. The introduction of HAV immunisation before admittance to school could be an important strategy for the control of HAV infections in Brazil.
